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I. INTRODUCTION 



The designers and pilots of seaplanes should have a 
thorough knowledge of the action of air and water on float- 
ing objects. This is possible only when adequate hydrody- 
namic and aerodynamic data are at their disposal. The 
problems involved are so complex that they cannot he solved 
"by theory alone. It is necessary to find the right combi- 
nation of theory and experimental data. Eull-scale tests 
are not expedient or necessary for a comprehensive syste- 
matic investigation. Laboratory research is more suitable. 
The problem has already been tackled from the experimental 
hydrodynamic side (reference l). This report gives the re- 
sults of wind-tunnel tests with a seaplane model as a con- 
tribution to the solution of the aerodynamic problems. 



II. TESTS 



In the tests it was assumed that the seaplane rested 
motionless on the water and was exposed, in various posi- 
tions with respect to the supposedly flat surface of the 
water, to a uniform air current at 0° to 360°. 

l) Model.- The tests were made with the model of a 
— l u 

twin-engine seaplane from the Heinkel works in Warnemunde. 
The biplane cellule had a straight upper wing and a lower 
wing with a slight dihedral. The two lateral engine na- 
celles were between the wings. The fuselage and tail sur- 
faces were of the conventional type. The tv/in floats had 
the usual form and arrangement (figs. 1 and 2). The prin- 
cipal dimensions of the model were: span b of both 



*" Luf tkraf te und Luf tkraf tmomont e an einem Seeflugzeug auf 
demWasser." Z.F.M., August 23, 1933, pp. 442-446. 
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wings, 1«296 m (51.02 in.); maximum chord t of "both 
wings, 0.187 m (7.36 in.); total : w ; ing" area 0.4752 m 2 

(5.12 sq.ft.). Other dimensions can "be obtained approxi- 
mately, from figure 2.. 

2) Experimental arrangement . - Th e tests were ma d e in 
the large Got ting en wind tunnel with the aid of the large 
6-component balance (reference 2). Since, with the usual 
method of suspending the model, the balance stand can be 
turned laterally only *18 , a special arrangement of the 
model had to be adopted in this case, in order to obtain 
the desired lateral range of 0° to 360° exposure to the 
air stream.' This was accomplished by suspending the model 
in the wind tunnel with the wings vertical, thus necessi- 
tating the vertical installation of the plate represent- 
ing the surface of the water (fig. 2).' in order to be 
able to bring the model into any desired position with 
reference to the plate, it was supported on a -ball", so 
that the center of the ball coincided with the center of 
gravity of the model. Theball with the clamping device 
was mounted on a rod which in turn formed a part of the 
mpdel support : (figs; 2" and 3) . The lateral adjustment 
was effected by mean's • Of a'rotatable dish in the plate', 
in which the float models were embedded to the proper 
depth. The plate was hollow, so that the parts of the 
clamping device could be kept out of the air stream. 

3} Testing.- The tests were- for the purpose of deter- 
mining three force components and three moment components, 
i.e., the six components requisite in a continuous process 
for the definite determination of the aerodynamic result- 
ants in space. Th'ese six component's were first determined 
for the system of axes fixed with respect to the wind tun- 
nel and at an air velocity of about 30 m (98.4 ft.) per 
second. In order, however, to be able to consider the 
phenomena sis presented to the seaplane pilot-, the measured 
quantities were nrathemat ically transformed so as to corre- 
spond to axes fixed with respect to the seaplane. The -V 
latter axes form a rectangular right-hand system, whose 
origin, coincides with the center of gravity of the airplane 
and whose positive x-a'xis is parallel- to the propeller axis 
and extends' forward from the pilot. Che quantities evaluat- 
ed are the tangential force T, the lateral force S, the 
normal force IT, the rolling moment Mq Q , the pitching 
moment , and .the yawing moment ^s n « . ;(^1ig subscript 
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o indicates that the reference axes pass through the cen- 
ter of gravity. ) The position of the model' with reference 
to the plate, was designated oy the lateral .angle t, the 
pitching angle and the. "banking angle 9. These 

forces , moment 3 , and angles are shown in figure 4. Inso- 
far as possible, the rules of the FALU for the standard- 
ization of aircraft notation were followed (reference S) . 
The tests include measurements at pitching angles d- of 
-1.5°, 3°, and 8° and at lateral angles T of 0 to 180 
or 360°. . Moreover, a test was made in order to determine 
the velocity course near the plate without model (fig. 5). 
The test point is on the horizontal middle line of the 
plate at 28.5 percent of the plate length L (« 2.4 m = 
7.87 ft.) from the leading edge. The vertical distance^ 
of the e.g.- from .the plate is h 0 = 125 mm (4.92 in.). 

III. RESULTS 



The test results are represented nondimens ionally • 
The force coefficients refer to the dynamic pressure q 
of the flow velocity and to the wing a:rea J; the moment 
coefficients, also to the maximum wing chord t. (See ta- 
ble and figures 6, 7, and 8.) The abscissas represent the 
lateral angles t = 0 to 360°; the ordinates, the force, 
or moment coefficients. The plain curves correspond to 
the banking angle cp = 0°; the dash curves to Cp = 5 . 
The effect of the suspension on the force and moment val- 
ues was determined by a special test with the suspension 
alone, in which the model served as a 11 screen." Zero- 
point errors, due to imperfections in the model or in its 
adjustment during the tests, were not corrected. Figure 6 
shows the course of the forces for the conditions investi- 
gated. The results of the moment measurements, as given 
in figures 7 and 8, contain much information for judging 
the "behavior on the water. In a lateral current at an an- 
gle of ahout 50 , the rolling moment Mq 0 In the horizon- 
tal position of the model has approximately the same min- 
imum value at all three of the pitching angles investi- 
gated. According to the definition there is a moment 
which tends to depress the starboard wing into the water 
so as to endanger the seaplane. for the smallest pitch- 
ing angles tested, a second minimum of smaller value oc- 
.curs in, a lateral current at an angle of ahout 150 . The 
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conditions are similar at lateral angles of T > 180°.* 
If the seaplane already has a lateral inclination in the 
direction of a right-hand or negative moment, then the 
dangerous moment increases a"bout 37 percent for the maxi- 
mum longitudinal inclination in a lateral wind of about 
60 • The peak values recur at lateral angles above 180°. 
They are. .no longer very dangerous, however, because . the 
depressed half of the wing is on the windward side* A 
current from the. rear may "become dangerous for. the pitch- 
ing moment M^ 0 , especially at large positive longitudi- 
nal inclinations. The horizontal tail surfaces an'd the 
wing are then struck negatively atove their trailing edges 
"by the air .current, so as to produce a tail-heavy pitch- 
ing moment. In this case the floats offer b%t little re- 
sistance since, for technical reasons, they taper aft into 
slender tips, ' Herein lies another danger which', 'though 
it seldom eventuates, must always he considered in design- 
ing the floats. The yawing moment M S(D , due to the lat- 
eral angle, is important for judging the operating char- 
acteristics of the seaplane on the water., The model in- 
vest igated exhibited directional instability in all lat- 
eral air currents. The longitudinal and lateral inclina- 
tions, had hut. little effect on the lateral moment. 



IV. SUMMARY 

The results of the 6-component tests of a seaplane 
model 'over a plate represent ing the surface of the water 
are reported and discussed. The tests were, made at vari- 
ous longitudinal and lateral inclinations of .'the model In 
a lateral air current at 0 to 300° • The data can he use- 
ful to' seaplane designers and pilots for judging the "be- 
havior of full-scale seaplanes on the water. This, how- 
ever, represents only a modest "beginning in obtaining ex- 
perimental data for solving the problem .of the mutual re- 
actions of the water and air on the one hand and of the 
seapilane on the other hand. The experiments should r.e 
continued with seaplanes of other types. It would also 
be desirable to supplement the experiments under consider- 
ation by tests with various rudder deflections with the 
propeller running. 

*?or the sake of clearness in the positions without lateral 
inclination, only the values for t -= 0 to 130° are given. 
These values can be symmetrically supplemented for the re- 
gion between 180 and 360 . 

T r anslation by Drwight M. Miner, 

National Advisory Committee for Aeronautics. 
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Figs. 1,2,3 



Figure 1.- Model suspended 

in wind tunnel 
over plate representing 
surface of water. 
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Figure 2.- 

Experi- 
mental 
arrange- 
ment. 



Propeller axis 



OTT-J Parallels to V 1 

'propeller axis. 




Section B-B 




Section A^A 



Figure 3.- Device for securing model to suspension rod. 
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Figs. 4,5,8 




z z 
Figure 4.~ Definition diagrams for 

system of axes fixed with 
reference to airplane; forces, moments 
and angles. .4 
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Figure 8 0 - Tawing-moroent coefficients. 
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Figure 6.- Force coefficients. 
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Figure 7.- Coefficients of rolling and 
pitching moments. 



